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Summary
Introduction:  Partial  tears  of  the  anterior  cruciate  ligament  (ACL)  are  frequent.  Conservingligament;
Knee;
Tear;
ACL remnants  is  central  to  the  concept  of  anatomic,  biomechanical  and  biological  reconstruc-
tion. The  interest  of  such  conservation  remains  theoretical.  The  present  hypothesis  was  that
selective  anteromedial  (AM)  bundle  reconstruction  is  preferable  to  the  standard  single-bundle
reconstruction  in  partial  ACL  tear.
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Arthroscopy;
Partial
Materials  and  methods:  A  multicenter  prospective  randomized  study  recruited  54  partial  ACL
tears operated  on  either  by  selective  AM  bundle  reconstruction  (Group  1,  n  =  29)  or  by  standard
anatomic  single-bundle  reconstruction  (Group  2,  n  =  25).  All  patients  were  clinically  assessed  on
subjective  and  objective  IKDC,  Lysholm  and  KOOS  scores,  with  a  minimum  12  months’  follow-
up. Comparative  pre-  to  postoperative  anterior  laxity  was  measured  on  the  Rolimeter® device,
with statistical  analysis  of  results.
Results:  There  were  no  signiﬁcant  preoperative  differences  between  the  two  groups.  All
patients were  followed-up  at  6  months  and  1  year.  Mean  subjective  IKDC  scores  for  groups  1  and
2 respectively  were  55.8  and  56.8  preoperatively  versus  86.2  and  85.7  at  1  year;  Lysholm  scores
were 69.9  and  71.1  versus  90.9  and  91.8.  These  inter-group  differences  were  non-signiﬁcant.
Differential  laxity  for  groups  1  and  2  respectively  was  5.0  mm  (range,  2—10)  and  5.1  mm  (2—12)
preoperatively  (P  =  0.73),  versus  1.2  mm  and  1.9  mm  postoperatively  (P  =  0.03).
Discussion  and  conclusion:  In  partial  ACL  tear,  selective  AM  bundle  reconstruction  conserving
the posterolateral  bundle  remnant  provides  clinical  results  comparable  to  the  standard  single-
bundle technique,  with  better  control  of  anterior  laxity.  Longer  follow-up,  however,  will  be
needed to  compare  evolution  in  anterior  and  rotational  laxity  and  in  subjective  results  over
time.
Type of  study:  Prospective  randomized,  level  I.
© 2012  Published  by  Elsevier  Masson  SAS.
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Differential  anterior  laxity  was  measured  pre-  and
postoperatively  by  the  Rolimeter® device,  with  three  suc-
cessive  measurements  per  knee,  in  maximal  manual  anterior
drawer.  Mean  and  median  values  were  calculated  for  statis-
tical  analysis.
Table  1  Sociodemographic  data  at  inclusion.
Group  1
n =  29
Group  2
n =  25
Total  n  =  54
Sex
M  16  (55.18%)  17  (68%)  33  (61.11%)
F 13  (44.82%)  8  (32%)  21  (38.88%)
Mean  age  (years)  31.24  28.56  30
Mean weight  (kg)  71  70.92  70.96
Mean height  (cm)  170  173.4  171.96ntroduction
esions  of  the  anterior  cruciate  ligament  (ACL)  are  fre-
uently  partial  (5  to  38%  depending  on  the  series)  [1—6]. The
rinciples  of  modern  anatomic  ACL  reconstruction  presently
onsist  in  recreating  the  native  ligament  insertions,  conserv-
ng  whatever  remnants  may  be  present  [7—9]. Techniques
onserving  the  native  ACL  footprint  have  been  developed,
nd  partial  reconstruction  is  recommended  when  a  bundle
eems  to  have  been  spared;  taken  together,  these  tech-
iques  are  known  as  ‘‘ACL  augmentation’’  [4,10—17].
Such  reconstruction  is  technically  difﬁcult:  determin-
ng  residual  tissue  quality  is  delicate,  arthroscopic  vision  is
estricted  and  there  is  a  risk  of  mislocating  tunnels.  Ques-
ions  remain  as  to  the  interest  of  conserving  residual  ﬁbers.
The  present  study  compared  ACL  reconstruction  in  partial
ear  with  versus  without  residual  posterolateral  (PL)  bun-
le  ﬁber  conservation.  The  principal  hypothesis  was  that
bjective  control  of  anterior  laxity  is  better  with  residual
L  bundle  ﬁber  conservation.  The  secondary  hypothesis  was
hat  subjective  results  (functional  scores  and  pivot  shift)  are
ikewise  better.
aterials and methods
 multicenter  prospective  randomized  single-blind  design
eceived  French  National  Ethics  Committee  approval
no 2011-A00109-25).  All  patients  provided  informed  written
onsent.  Fifty-four  consecutive  patients  underwent  surgery,
fter  initial  inclusion  of  all  patients  with  clinically  suspected
artial  ACL  tear.
Pre-inclusion  criteria  were:  Lachman  sign  with  delayed
rm  end-point,  a  negative  pivot  shift  test,  and  MRI  aspect
ompatible  with  partial  tear.  In  case  of  diagnostic  suspicion
nd  decision  to  operate,  arthroscopy  was  performed  ahead
f  transplant  harvesting,  to  adapt  the  graft  to  peroperative
ndings.Diagnosis  was  conﬁrmed  on  arthroscopy  by  a  well-
nserted  PL  bundle.  Randomization  was  performed  by
elephone  by  an  independent  agent  using  a  permutation
able  (n  =  6).
All  patients  not  fulﬁlling  the  diagnostic  criteria  (PL  bun-
le  conservation  on  arthroscopy)  were  excluded.
In  Group  1  (29  patients),  isolated  AM  bundle  recon-
truction  was  performed,  conserving  the  PL  remnant.  In
roup  2  (25  patients),  standard  anatomic  single-bundle
econstruction  was  performed,  without  PL  bundle  ﬁber
onservation.
Tables  1  and  2  show  demographic  and  clinical  data  for
he  two  groups  at  inclusion,  which  were  comparable.
There  were  33  male  patients  and  21  female.  Mean  age
as  30  years  (range,  18—46  yrs).Type of  sport
Pivot  14  (48.27%)  7  (28%)  21  (38.88%)
Pivot-contact  13  (44.82%)  17  (68%)  30  (55.55%)
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Table  2  Clinical  data  at  inclusion.
Group  1  n  =  29  Group  2  n  =  25  Total  n  =  54
Injured  knee
R 15  (51.72%)  13  (52%)  28  (52%)
L 14  (48.27%)  12  (48%)  26  (48%)
Context of  accident
Sport  26  (89.65%)  23  (92%)  49  (90.74%)
Trauma-to-surgery  time  (days)  159.6  137.9  149.5
Type of  trauma
Valgus  external  rotation 11  (37.93%) 11  (44%) 22  (40.74%)
Varus internal  rotation 7  (24.13%) 8  (32%) 15  (27.77%)
Non-speciﬁed 6  (20.68%)  5  (20%)  11  (20.37%)
Constitutional  laxity
Yes  5  (17.24%)  2  (8%)  7  (12.96%)
No 23  (79.31%)  23  (92%)  46  (85.18%)
Morphotype
Neutral 18  (62.06%) 15  (60%)  33  (61.11%)
Varus 7 (24.13%) 8  (32%) 15  (27.77%)
Valgus 3 (10.34%) 2  (8%)  5  (9.25%)
Flexion (injured  knee)  130.7  130  132.3
Flexion (contralateral  knee)  l 141.3 139 140.2
Instability
Yes  25  (86.2%)  21  (84%)  46  (85.18%)
No 4  (13.8%)  4  (16%)  8  (14.81%)
Pain
Yes 17  (48.62%)  17  (68%)  34  (63%)
No 12  (41.37%)  8  (32%)  20  (37%)
Blocking
Yes 6  (20.68%)  5  (20%)  11  (20.37)
No 23  (79.31%)  20  (80%)  43  (79.62%)
Effusion
None 9  (31%)  10  (40%)  19  (35.18%)
Moderate 5  (17.24%)  3  (12%)  8  (14.81%)
Trace 12  (22.22%)  10  (40%)  22  (40.74%)
Preoperative differential  anterior  laxity  (mm) 5.03 5.12  5.07
Pivot shift
Absent  3  (10.34%)  3  (12%)  6  (11.11%)
+ 20  (68.96%)  13  (52%)  33  (61.11%)
++ 6  (20.68%)  8  (32%)  14  (25.92%)
+++ 0  1  (4%)  1  (1.85%)
Preoperative  subjective  IKDC  55.82  56.8  56.28
9.93  
5.71  
tPreoperative  total  Lysholm  6
Preoperative  total  KOOS  6
Lysholm,  subjective  and  objective  IKDC  and  KOOS  scores
were  taken,  preoperatively  and  at  6  months  and  1  year.
Statistical analysisComparison  of  means:  Normal  distribution  was  conﬁrmed
graphically  for  all  study  parameters,  and  the  parametric
Student  t  test  was  therefore  used.
(
G
a71.08  70.46
62.61  64.28
Comparison  of  percentages:  the  non-parametric  Fisher
est  was  used.
The  -value  was  set  at  5%.
Mean  preoperative  differential  anterior  laxity  was  5  mmrange,  2—10  mm)  in  Group  1  and  5.1  mm  (2—12  mm)  in
roup  2  (P  =  0.73).
Pivot  shift  test  was  negative  in  10.3%  of  cases  in  Group  1
nd  in  12%  for  Group  2.
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Table  3  Comparison  of  peroperative  data.
Group  1  n  =  29  Group  2  n  =  25  P
Pivot  shift  under  GA
Absent  3  (10.54%)  4  (16%)  0.59
+ 17  (58.62%)  11  (44%)
++ 9  (31.03%)  8  (32%)
+++ 0  1  (4%)
LACHMAN under  GA
Soft  end 8  (27.59%) 8  (32%)  0.65
Delayed ﬁrm  end 21  (72.41%) 16  (64%)
Patellar cartilage  lesion  (grade)
0 26  (89.65%) 23  (92%) 0.5
1 1  (3.44%)  1  (4%)
2 2  (6.89%)  0
Trochlear cartilage  lesion  (grade)
0 27  (93.1%) 25  (100%) 0.49
1 2 (6.89%) 0
Medial  femorotibial  cartilage  grade
0 26  (89.65%)  23  (92%)  0.5
1 2  (6.89%)  0
2 1  (3.44%)  2  (8%)
Lateral femorotibial  cartilage  grade
0 28  (96.55%)  24  (96%)  1
1 1  (3.44%)  1  (4%)
Medial meniscus  lesion
Yes  3  (10.34%)  3  (12%)  1
Lateral meniscus  lesion
Yes  5  (17.25%)  2  (8%)  0.49
Transplant type
Hamstrings 26  (89.65%)  20  (80%)  0.44
Bone-patellar  tendon-bone  3  (10.34%)  5  (20%)
Femoral tunnel
Outside-in  9  (31%)  5  (20%)  0.75
AM portal  15  (51.72%)  15  (60%)
Transtibial  5  (17.24%)  5  (20%)
Femoral ﬁxation
Interference  screw  17  (58.62%)  12  (48%)  0.58
Cortical button  12  (41.38%)  13  (52%)
Tibial ﬁxation
Interference  screw  11  (38%)  8  (32%)  0.77
Double ﬁxation  18  (62%)  17  (68%)
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ﬁAM: anteromedial ; GA: general anesthesia.
Mean  IKDC,  Lysholm  and  KOOS  scores  were  respectively
0.3  (37—78),  89.1  (44—98)  and  85.9  (30—87)  in  Group  1  and
9.3  (40—77),  89.3  (10—90)  and  84.7  (3—89)  in  Group  2,  with
o  signiﬁcant  differences.
Mean  trauma-to-surgery  interval  was  4.5  months  (range,
—16  months)  in  Group  1  and  5  months  (1—24)  in  Group  2
non-signiﬁcant;  P  =  0.5).
Each  participating  surgeons  used  his  technique  of  choice
type  of  graft,  tunnels)  (Table  3).  Reconstruction  used  ham-
tring  tendon  in  89.6%  of  cases  in  Group  1  and  80%  in
o
a
f
(roup  2;  bone-tendon-bone  transplant  was  used  in  the  other
ases.
Arthroscopy  found  no  signiﬁcant  (>  grade  II)  cartilage
esions  in  either  group.  There  were  three  medial  menis-
al  lesions  in  both  groups;  all  were  repaired.  There  were
ve  lateral  meniscal  lesion  in  Group  1  (four  repaired,
ne  abstention),  and  two  in  Group  2  (one  repaired,  one
bstention).  There  were  no  signiﬁcant  inter-group  dif-
erences  in  meniscal  lesion  distribution  or  management
P  =  0.7).
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Table  4  Comparison  of  main  clinical  parameters  at  1  year’s
FU.
Group  1
n =  29
Group  2
n =  25
P
Final  IKDC
A  17  (58.62%)  15  (60%)  0.81
B 9  (31.03%)  6  (24%)
C 3  (10.34%)  3  (12%)
Pivot  shift
Absent 24  (82.76%) 18  (72%) 0.4
+
Differential
anterior  laxity
1.24 1.87 0.03
Subjective  IKDC  86.17  85.73  0.89
Total Lysholm  90.89  91.86  0.71
Total KOOS  88.09  86.93  0.72
KOOS symptoms  82.14  76.78  0.27
KOOS pain 89.30 88.11  0.76
KOOS daily  activity  94.25  95.17  0.74
KOOS sport 79.52 76.11 0.62
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1KOOS  QoL  76.43  76.05  0.95
FU: follow-up.
The  femoral  tunnel  was  outside-in  in  nine  cases  in
Group  1  and  ﬁve  in  Group  2,  anteromedial  in  15  cases  in
both  groups,  and  transtibial  in  ﬁve  cases  in  both  groups
(P  =  0.75).
Results
There  were  no  peroperative  complications.  One  patient  in
Group  1  required  arthroscopic  arthrolysis  for  cyclops  syn-
drome  at  3  months.
All patients  were  followed-up  at  6  months  and  at  1  year.
Table  4  shows  the  main  clinical  results.
At  1  year,  26  patients  (89.6%)  in  Group  1  and  21  (84%)  in
Group  2  had  IKDC  scores  A  or  B  (P  =  0.81).  Pivot  shift  test  was
negative  in  24  patients  (82.8%)  in  Group  1  and  18  (72%)  in
Group  2  (P  =  0.4).
Mean  knee  ﬂexion  was  138.3◦ (range,  120—150◦) in
Group  1  and  139.6◦ (120—150◦)  in  Group  2  (P  =  0.8).  One
patient  in  Group  2  showed  10◦ residual  ﬂexion  deformity
at  1  year.
Mean  differential  anterior  laxity  on  Rolimeter® at  1  year
was  1.24  mm  (range,  −3  —3  mm)  in  Group  1  and  1.87  mm
(−1  —4  mm)  in  Group  2  (P  =  0.03).  There  were  no  signiﬁ-
cant  differences  in  subjective  IKDC,  KOOS  or  Lysholm  scores
(Table  4).
DiscussionThe  main  ﬁnding  of  the  present  study  is  that  anterior  laxity
is  better  controlled  over  the  short-term  when  the  PL  bundle
ﬁbers  are  conserved.
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Residual  ACL  ﬁber  conservation  has  several  theoretical
dvantages:  biomechanical  [18,19],  vascular  [20,21],  and
roprioceptive  [22,23].
There  are  just  a few  retrospective  studies  on  the  sub-
ect.  Sonnery-Cottet  et  al.  [14]  reported  36  isolated  AM
undle  reconstructions  with  more  than  2  years’  follow-up;
ean  postoperative  differential  anterior  laxity  was  0.8  mm
n  the  Rolimeter®.  Serrano-Fernandez  [13], reported  a  mean
ostoperative  laximetry  of  0.2  mm  on  the  KT1000  in  24  par-
ial  reconstructions,  and  Ahn  et  al.  [24]  found  1.8  mm  at
nd  of  follow-up  in  53  patients;  these  results  agree  with  the
resent.
Comparative  studies  conﬁrm  the  above.  Adachi  et  al.
10],  in  a  retrospective  case-control  study,  compared  selec-
ive  AM  bundle  reconstruction  conserving  the  PL  bundle  and
 double-bundle  technique,  in  complete  ACL  tear;  in  the
wo  groups  of  40  patients,  postoperative  anterior  laxity  con-
rol  and  proprioception  were  signiﬁcantly  better  in  partial
CL  lesions.  The  proprioceptive  advantage  was  conﬁrmed  by
chi  et  al.  [11], with  signiﬁcant  improvement  after  selective
econstruction  compared  with  preoperative  status;  propri-
ception  was  actually  better  in  selective  reconstruction  of
artial  tear  than  in  double-bundle  reconstruction  of  com-
lete  tear.
Chouteau  et  al.  [25]  analyzed  proprioception  in  13  selec-
ive  ACL  reconstructions  at  a  mean  3.4  years’  follow-up,  and
ound  no  signiﬁcant  difference  between  the  operated  and
ealthy  knee.
Regarding  vascular  advantage,  Ahn  et  al.  [24]  reported
hat  the  MRI  signal  in  the  conserved  PL  bundle  after  ACL
econstruction  was  normal  and  continuous  in  more  than
alf  the  cases,  in  agreement  with  the  present  results.  Buda
t  al.  [26], in  an  MRI  assessment  of  28  selective  partial
ear  reconstructions,  found  normal  and  continuous  graft
yposignal  in  25  out  of  28  cases;  the  remnant  was  identi-
able  in  22  cases;  abnormal  signal  correlated  with  poorer
linical  results.  Ohsawa  et  al.  [12]  performed  control  arthro-
copies  1  year  after  selective  AM  or  PL  bundle  partial  ACL
ear  reconstruction:  in  four  of  the  ﬁve  isolated  AM  bun-
le  reconstructions,  the  graft  was  tensed  and  synovialized
ith  synovialized  ligament  remnant;  in  the  other  case,  the
econstructed  bundle  was  lax  and  non-synovialized,  with  PL
emnant  lesion.
The  current  trend  is  to  maximize  any  possible  liga-
ent  remnant  conservation  in  the  intercondylar  groove.
akamae  et  al.  [27]  used  navigation  to  analyze  vari-
us  types  of  ACL  lesion  (PL  or  AM  bundle  lesion,  on
he  posterior  cruciate  ligament  or  onto  the  intercondylar
otch)  and  found  that  partial  ACL  tears  had  differ-
nt  (and  better)  mechanical  properties  than  cicatricial
esions.
In  partial  ACL  tear,  graft  size  should  be  adapted  to  surgi-
al  ﬁndings.  In  the  present  series,  graft  sizes  were  smaller  in
roup  1  than  Group  2  (mean  tunnel  diameter,  7.9  mm  versus
.7  mm,  respectively).
The  present  study  had  certain  limitations.  The  number
f  inclusions  led  to  power  less  than  80%.  Follow-up  was
 year;  results  are,  however,  preliminary.  Although  anterior
axity  control  was  better  in  selective  reconstruction,  sub-
ective  results  were  comparable  to  those  obtained  with  the
tandard  technique.  Rolimeter® measurement  of  anterior
axity  may  be  less  reliable  than  with  Telos® or  KT1000®;
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owever,  three  successive  measurements  were  taken,  to
mprove  accuracy.  Analyses  of  means,  medians  and  variance
ll  showed  signiﬁcant  differences  between  the  two  groups;
he  difference,  however,  was  of  around  1  mm  and  it  is  dif-
cult  to  predict  the  long-term  impact  of  such  a  difference.
 proprioception  measurement  would  also  have  been  use-
ul.
onclusion
n  partial  ACL  tear,  selective  AM  bundle  reconstruction  con-
erving  the  PL  bundle  remnant  provided  results  comparable
o  standard  single-bundle  reconstruction,  with  better  short-
erm  control  of  anterior  laxity.  Longer-term  analysis  will  be
eeded  to  compare  progression  of  anterior  and  rotational
axity  and  evolution  in  subjective  results.
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